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$L(X),$ $\epsilon(Y)$ . , $\mathrm{Y}$ $X$ $\varphi$ ,
$E\in \mathfrak{M}$ $\Rightarrow$ $\varphi^{-1}(E)\in \mathfrak{R}$
, $\varphi$ , $Y$ $X$ (measurable transformation) .
, $\varphi$ $Y$ $X$ . , $\nu\varphi^{-1}$ ,
$\nu\varphi^{-1}(E)=\nu(\varphi-1(E))$ $(E\in \mathfrak{M})$
.
$\mathrm{Y}$ $X$ $\varphi$ , $C_{\varphi}$
$C_{\varphi}f(y)=f(\varphi(y))$ $(y\in Y, f\in\Sigma(x))$
. , $C_{\varphi}$ , $\mathcal{L}(X)$ $\mathcal{L}(Y)$ . $C_{\varphi}$ ,
$L(X)$ $.\mathrm{C}(Y)$ (composition operator) .
1.
, .
$L(X)$ $L(Y)$ $C_{\varphi}$ , $L^{\mathrm{p}}(X,\mathfrak{M},\mu)$ $L^{q}(Y, \mathfrak{R}, \nu)$
. , $1\leq p<\infty,$ $1\leq q<\infty$ .
, $C_{\varphi}$ , $L^{\mathrm{p}}(x,$ $\mathrm{m}_{\mu)}$, $L^{q}(Y, \mathfrak{R}, \nu)$ , 2 (i), (ii)
.
(i) $f$ $g$ $\mu$
$\Rightarrow C_{\varphi}f$ $C_{\varphi}g$ $\nu$ .
(ii) $f\in L^{\mathrm{p}}(x,\mathfrak{M},\mu)\Rightarrow C_{\varphi}f\in L^{q}(Y,\mathfrak{R}, \nu)$ .
2 (X, $\mathfrak{M},\mu$), $(Y, \mathfrak{R}, \nu)$ , $p=q$ ,
, .
([17; $\mathrm{R}.\mathrm{K}$ . Singh]) $1\leq p<\infty$ . ,$\mathrm{C}(X)$ $L(X)$ $C_{\varphi}$ ,
$L^{\mathrm{p}}(X,.\mathfrak{M},\mu)$ $L^{p}(X. ’ \mathfrak{M},\mu)$ ,





1.1. $1\leq p<\infty$ . $L(X)$ $L(Y)$ $C_{\varphi}$ , 3
$(\mathrm{i})\sim(\mathrm{i}\mathrm{i}\mathrm{i})$ .
(i) $C_{\varphi}$ , $L^{p}(X,\mathfrak{M},\mu)$ $L^{p}(Y,\mathfrak{R},\nu)$ .
(ii) $\nu\varphi^{-1}$ , $\mu$ , Radon-Nikodym $u_{\varphi}$
$L^{\infty}(x,\mathfrak{M},\mu)$ .
(i\"u) $c$ ,
$\nu\varphi^{-1}(E)\leq c\mu(E)$ $(E\in \mathfrak{M})$ .
(i)\sim (i\"u) , $C_{\varphi}$ , $L^{p}(X,\mathfrak{M},\mu)$ $L^{p}(\mathrm{Y}, \mathfrak{R}, \nu)$
,
$||C_{\varphi}||=\sqrt[\mathrm{p}]{||u_{\varphi}||_{L}\infty}=\mathrm{i}\mathrm{f}\mathrm{f}\mathrm{i}\{fc$ : $\nu\varphi^{-1}(E)\leq c\mu(E)(E\in \mathfrak{M})\}$ .
II. $p>q$
$F\in \mathfrak{M}$ ,
$Q_{\varphi}(F)= \inf 1^{C\geq}0$ : $\nu\varphi^{-1}(E)\leq c\mu(E)(E\in \mathfrak{M}, E\subset F)\}$
.
12. $1 \leq q<p<\infty,\frac{1}{p}+\frac{1}{r}=\frac{1}{q}$ . $\mathcal{L}(X)$ $L(Y)$ $C_{\varphi}$
, 3 (i)\sim (i\"u) .
(i) $C_{\varphi}$ , $L^{p}(X,\mathfrak{M},\mu)$ $L^{q}(Y,\mathfrak{R}, \nu)$ .
(\"u) $\nu\varphi^{-1}$ , $\mu$ , Rmlon-Nikodym $u_{\varphi}$
$L^{\frac{f}{q}}(X,\mathfrak{M},\mu)$ .
(i\"u) $X$ $\{F_{j}\}$ .
$\sum_{j=1}Q_{\varphi}(F_{j})\overline{q}\mu(F_{j})<\infty$ .
(i)\sim (i\"u) , $C_{\varphi}$ , $L^{\mathrm{p}}(X,\mathfrak{M},\mu)$ $L^{q}(Y,\mathfrak{R}, \nu)$
,
$||C_{\varphi}||=|| \sqrt[q]{u_{\varphi}}||_{L^{f}}=\mathrm{i}\mathrm{f}\mathrm{f}\mathrm{i}((_{j=}\sum_{1}^{\infty}Q\varphi(Fj)\frac{f}{q}\mu(Fj)\mathrm{I}^{\frac{1}{f}}$ : $\{F_{j}\}$ $X\text{ }\}$ .
III. $p<q$
$\mu(A)>0$ $A\in \mathfrak{M}$ . $A$ (atom) ,
$E\in \mathfrak{M},$ $E\subset A\Rightarrow\mu(E)=0$ or $\mu(E)=\mu(A)$
20
. , $\sigma$- $X$ , .
$X= \bigcup_{n\in N}$An $\cup B$
, $A_{n}$ , $B$ . $N$ ,
.
13 $1\leq p<q<\infty$ . $L(X)$ $L(Y)$ $C_{\varphi}$ ,
3 (i)\sim (\"ui) .
(i) $C_{\varphi}$ , $U(X,\mathfrak{M},\mu)$ $L^{q}(Y,9\mathrm{t}, \nu)$ .





$(\mathrm{i}\ddot{\neq})\nu\varphi^{-1}(B)=0$ , , $c$ .
$A_{n}$ $E\in$ , $\nu\varphi^{-1}(E)^{\frac{1}{q}}\leq c\mu(E)^{\frac{1}{\mathrm{p}}}$
$(\mathrm{i})\sim(\mathrm{i}\mathrm{i}\mathrm{i})$ , $C_{\varphi}$ , $L^{p}(X,\mathfrak{M},\mu)$ $L^{q}(Y,\mathfrak{R}, \nu)$
,
$||C_{\varphi}||=n \in \mathrm{s}\mathrm{u}\mathrm{p}N\frac{u_{\varphi}(A_{n})^{\overline{q}}}{\mu(A_{n})^{\frac{1}{\mathrm{p}}-\frac{1}{q}}}=\inf\{C\geq 0$ : $\nu\varphi^{-1}(A_{n})^{\frac{1}{q}}\leq c\mu(A_{n})^{\frac{1}{\mathrm{p}}}(n\in N)\}$ .
, $u_{\varphi}(A_{n})= \frac{1}{\mu(A_{n})}\int_{A_{n}}u_{\varphi}d\mu$ .
14 $1\leq p<q<\infty$ . , $\mu$ , - , $\nu$
$\nu(Y)>0$ . , $r\mathrm{C}(x)$ $L(Y)$ , $L^{p}(x,\mathfrak{M},\mu)$
$L^{q}(Y, \mathfrak{R}, \nu)$ .
. $X=Y=(0, \infty)$ , $(0, \infty)$ Lebesgue , $\mu$
Lebesgue . , $X$ $X$ $\varphi$ ,
$\varphi(x)=2X$ $(X\in X)$
. , $C_{\varphi}$ , $L^{p}(X,\mathfrak{M},\mu)$ $L^{\mathrm{p}}(X,\mathfrak{M},\mu)$
$(1 \leq p<\infty)$ . , $C_{\varphi}$ , $L^{2}(x, \mathfrak{M},\mu)$ $L^{1}(x, \mathfrak{M},\mu)$
. , $i$ , $E_{j}=(j-1, j]$ , $X$ $X$
$\psi$ ,
$\psi(x)=\sum_{1j=}^{\infty}(j^{2}x+\sum_{=k0}^{j}k2)-1xEj(X)$ $(X\in X)$
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$L^{\mathrm{p}}(X,\mathfrak{M},\mu)$ $L^{q}(\mathrm{Y}, \mathfrak{R}, \nu)$ $C_{\varphi}$ ,
.
3 , . ,
.
I. $p=q$
21. $1\leq p<\infty$ . $L^{p}(X,\mathfrak{M},\mu)$ $L^{\mathrm{p}}(Y,\mathfrak{R},\nu)$ $C_{\varphi}$
, 3 (i)\sim (i\"u) .
(i) $C_{\varphi}$ .
(ii) $\{x\in X:u_{\varphi}(X)\neq 0\}$ $u_{\varphi}\geq\delta$ $\delta>0$
.
(i\"u) $\delta>0$ .
$\nu\varphi^{-1}(E)\geq\delta\mu(E)$ $(E\in \mathcal{E}_{\varphi})$ ,
, $\mathcal{E}_{\varphi}=\{E\in \mathfrak{M}:\mu(E)<\infty F\in \mathfrak{M},F\mathrm{c}E,$ $\nu\varphi-1(F)=0\Rightarrow\mu(F)=0\}$ .
II. $p>q$
22 $1\leq q<p<\infty$ . $L^{p}(X,\mathfrak{M},\mu)$ $L^{q}(Y,\mathfrak{R}, \nu)$ $C_{\varphi}$
, 3 $(\mathrm{i})\sim(\mathrm{i}\mathrm{i}\mathrm{i})$ .
(i) $C_{\varphi}$ .
(ii) $u_{\varphi}$ $B$ $0$ , , $u_{\varphi}(A_{n})\neq\dot{\mathrm{i}}\mathrm{f}(0^{u}\varphi An)^{\frac{1}{q}}\mu(A_{n})^{\frac{1}{q}-\frac{1}{\mathrm{p}}}>0$
.




2.3. $1\leq p<q<\infty$ . $L^{p}(X,\mathfrak{M},\mu)$ $L^{q}(Y,\mathfrak{R}, \nu)$ $C_{\varphi}$
, 3 (i)\sim (i\"u) .
(i) $C_{\varphi}$ .
(\"u) $u_{\varphi}(A_{n} \sum_{)\neq 0}\frac{\mu(A_{n})}{u_{\varphi}(A_{n})^{\frac{\mathrm{p}}{\mathrm{p}-q}}}<\infty$ .
(i\"u) $\sum_{\nu\varphi^{-1}(A_{n})\neq 0}\{\frac{\mu(A_{n})^{q}}{\nu\varphi^{-1}(An)^{p}}\}^{\frac{1}{\mathrm{p}-q}}<\infty$ .
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